Introduction
Gastric antral vascular ectasia (GAVE) is a capillary-type vascular malformation affecting mainly the gastric antrum and corresponds to up to 4 % of upper non-variceal bleeding [1] . The diagnosis of GAVE is generally made at endoscopy, which either shows longitudinal streaks converging at the pylorus (stripe type) or multiple erythematous spots (diffuse type) [2] . On histology, GAVE is characterized by dilated mucosal capillaries, often occluded by fibrin thrombi and rarely associated with inflammation [3] . While patients can be asymptomatic, the majority present with iron-deficiency anemia and occasionally GAVE can cause overt gastrointestinal bleeding. This gastric vascular abnormality has been associated with various diseases including hepatic cirrhosis, renal failure, systemic lupus erythematous, scleroderma, and post-bone marrow transplant [4] .
While multiple endoscopic therapies have been proposed for treating GAVE, the most commonly used is argon plasma coagulation (APC) [4] . APC is generally safe; however, it is associated with high recurrence rates [5 -7] . More recently, endoscopic band ligation (EBL) has been described as an alternative endoscopic therapy for GAVE. Sinha first described this in a case report in 2006 [8] . Multiple retrospective studies have shown EBL to have lower complication rates and more effectiveness when compared to APC [9 -11] . We previously presented results of our experience with EBL for treatment of GAVE in a prospective trial, showing EBL to be safe and effective [9] . The aim of this Long-term follow-up in patients with gastric antral vascular ectasia (GAVE) after treatment with endoscopic band ligation (EBL) sia (GAVE) is a capillary-type vascular malformation of the gastric antrum, usually diagnosed endoscopically in patients presenting with iron deficiency anemia or gastrointestinal bleeding. While there is established evidence for treatment with thermal modalities, such as argon plasma coagulation (APC) therapy, more recent studies have shown endoscopic band ligation (EBL) to be safe and effective in achieving remission. Our study aimed to evaluate longterm outcomes of patients with GAVE who underwent EBL at our institution.
Patients and methods
We retrospectively reviewed data from 33 patients with GAVE who underwent esophagogastroduodenoscopy and EBL between September 2012 and July 2017 within our institution, looking primarily at clinical response, recurrence, and blood transfusion requirements.
Results Clinical response was achieved in 27 patients (81.8 %). Among responders, recurrence-free survival decreased with time from 88 % at 1 year to 44 % at 2 years. Thirteen patients (48.1 %) had recurrence of GAVE at a mean time of 18.2 months (range 4.7 -51.8). The only predictor of recurrence was greater number of pre-procedure blood transfusions.
Conclusion This is the first study to evaluate long-term response and recurrence in patients with GAVE after treatment with EBL and predictors of clinical response after initial endoscopic therapy have been identified. While we were able to demonstrate excellent remission achievement rates in our GAVE patients who had undergone EBL, close clinical follow-up is clearly required as almost 50 % will have recurrence at around 18 months. study was to evaluate long-term outcomes in patients with GAVE who underwent EBL at our institution.

Study population
We retrospectively reviewed all data from patients who underwent esophagogastroduodenoscopy between September 2012 and July 2017 in whom GAVE-associated iron deficiency anemia was diagnosed, with or without associated overt bleeding. Patients had to be 18 years or older and present with anemia. Patients who were not anemic, had other sources of gastrointestinal blood loss, or had undergone endoscopic treatment of GAVE within the preceding 3 months were excluded from this study (▶ Fig. 1 ).
Our initial experience was published in 2015 based on a prospective trial that included 21 patients [8] . Data from these patients were retrospectively analyzed for long-term follow-up and patients with a new diagnosis of GAVE treated with EBL were also included for analysis. Primary endpoints included recurrence of bleeding/anemia and blood transfusion requirements.
Clinical response was defined endoscopically by complete or near-complete eradication of GAVE along with stabilization of hemoglobin levels and/or decrease in blood transfusion requirements. We also documented number of endoscopies (counting any endoscopies related to assessment and/or treatment of GAVE), total number of bands applied, adverse events and need for additional endoscopic therapy with APC.
Experienced endoscopists performed all procedures. Endoscopic appearance of GAVE was classified as either stripe type or diffuse type. Procedural details and post-treatment recommendations including treatment with proton pump inhibitor therapy have been previously described [9] .
Following initial EBL, repeat endoscopy was scheduled 6 to 8 weeks later. Subsequent endoscopic examinations and EBL were conducted at the same interval until clinical response was achieved. Hemoglobin, ferritin, and iron levels were tested at 4 weeks and 6 months and annually thereafter.
Statistical analysis
Data are presented as median with interquartile range, or frequencies and percentages. Normally and non-normally-distributed numeric variables were compared with Student's t-test and Mann-Whitney test, respectively. Associations between categorical variables were tested using Fisher's exact test. Survival probabilities were calculated based on the Kaplan-Meier methodology, and the significance of differences between survival curves were calculated by means of the Log Rank (Mantel-Cox) test. Patients lost during follow-up and patients being continuously followed in the clinic were censored at the time of their last visit. Univariate and multivariate analyses were constructed through logistic regression to evaluate features associated with endoscopic response.
In addition, a Cox regression analysis was performed to evaluate factors associated with recurrence among patients who had a response to EBL and the results were reported as hazard ratios (HR) with 95 % confidence intervals (CI). Variables with a P < 0.10 in the univariate analysis were included in the multivariate model. All statistical analysis was done in SPSS for Windows (Version 21; IBM, Armonk, New York, United States).
Results
Patient characteristics
A total of 33 patients with GAVE were reviewed. Of them, 21 patients had been included in our previous study with longterm follow-up results presented here. Patient demographics and baseline characteristics are presented in ▶ Table 1 . Mean overall follow-up length was 35.9 months (range 4.3 -76.5 months). Ten patients were followed for more than 48 months, 19 patients for more than 12 months ( < 48 months), and only four for less than 12 months. When comparing Hb levels for responders and non-responders, mean pre-and post-EBL Hb levels were significantly lower among patients who did not respond to EBL compared to those who responded (70 g/L vs. 95 g/L, P = 0.004 and 89 g/L vs. 111 g/ L, P = 0.01). Mean Hb level among responders increased signifi- cantly from pre-EBL to post-EBL (95 g/L vs. 111 g/L, P < 0.001), whereas non-responders did not achieve a significant rise in Hb level (70 g/L vs., 89 g/L, P = 0.156) (▶ Table 2 ).
Endoscopic clinical response
Features associated with endoscopic clinical response
While there was a predictive trend in number of sessions and bands applied in the univariate analysis (P = 0.09 and P = 0.4, respectively), the only significant predictor of response to EBL in both univariate and multivariate analysis was pre-procedure hemoglobin level. A higher pre-procedure hemoglobin level was associated with a greater chance of response to EBL (▶ Table 3 ).
Endoscopic clinical response and survival
Since the beginning of the study (September 2012), 12 patients (36.4 %) have died. Causes of death included liver failure (3 patients), renal failure (3 patients), myocardial infarction (2 patients), congestive heart failure (1 patient), pneumonia (1 pa-tient), and unknown (2 patients), but no death secondary to gastrointestinal bleeding. Mean overall survival was significantly shorter at 20.8 months [42.5, 62.9] in patients who did not respond to EBL compared to those who had resolution of GAVE (56.0 [45.6, 66.4], P = 0.03) (▶ Fig. 2 ). Patients who responded to EBL therapy had a significant lower risk of dying (HR 0.21, 95 % CI 0.05 -0.89, P = 0.02). Among responders, recurrence-free survival decreased with time from 88 % at 1 year to 44 % at 2 years (▶ Fig. 3 ). Of the six patients who did not achieve a clinical response, one patient went on to have a laparoscopic distal gastrectomy. Three of these patients are deceased, with average time to death from EBL 12.3 months (range 4 -18).
Factors associated with recurrence
Thirteen patients (48.1 %) had recurrence of GAVE at a mean time of 18.2 months (range 4.7 -51.8). The only predictor of recurrence was greater number of pre-procedure blood transfusions (▶ Table 4 ). ▶ 
Discussion
This study evaluated long-term outcomes of endoscopic band ligation (EBL) in treatment of GAVE.
Histopathological changes that occur in esophageal varices following rubber band ligation have been described before in ▶ the literature, with vascular thrombosis leading to ischemic necrosis, superficial ulceration, and eventually submucosal fibrosis. [12] . It could be postulated that this mechanism also applies elsewhere in the gastrointestinal tract, including in treatment of GAVE. Argon plasma coagulation and associated thermal treatment modalities, by comparison, may fail to provide sufficient penetration to these vessels within the submucosa, or to cover a significant enough field for successful eradication. EBL achieved a clinical response in 27 patients (81.8 %) after a mean of three procedures. A higher starting hemoglobin level was predictive of resolution of GAVE. Baseline hemoglobin level may possibly be a reflector of severity of GAVE in patients and likelihood of response to EBL. Clinically, this could suggest that earlier referral and treatment of GAVE with EBL may improve patient outcome and reduce probability of recurrence. Patients who responded to EBL had longer overall length of survival. Mortality in patients without good initial response was not directly associated with bleeding, however, this could be a factor associated with poor prognosis in patients with chronic comorbidities. Recurrence was seen in almost half the patients at 18.2 months after initial eradication. This is specific only to patients who were followed for at least the mean follow-up period time.
To our knowledge, this is the first study examining more long-term outcomes of EBL as treatment for GAVE. Our previous prospective study demonstrated a 91 % clinical response over a mean follow-up of 10 months [9] . In our current study, the long-term recurrence rate of GAVE and associated bleeding after EBL was 48.1 % at a mean follow-up of 18.2 months (range 4.7 -51.8).
A review of previous published studies of APC for treatment of GAVE shows an initial good response, however, recurrent bleeding rates range from 35 % to 78.9 % [4] .
Only two studies have evaluated recurrence of bleeding at long-term follow-up after APC treatment for GAVE. One included 62 patients, however, only 16 (25 %) did not have recurrence of bleeding at 46.9 ± 26.5 months [5] . Another retrospective study that included 18 patients showed a recurrence/rebleeding rate of 39 % after a mean follow-up of 42 months [6] . Our study shows the importance of close follow-up of patients with GAVE even after initial clinical response as almost 50 % of them will have recurrence at around 18 months. These patients can be treated again endoscopically with EBL and in some cases, APC may be utilized as a complementary treatment. This may be particularly useful in situations where there are areas with scar tissue from previous banding that are difficult to suction and achieve banding. In theory, factors that could favor recurrence of GAVE may include comorbidities such as chronic renal failure, which promotes neovascularization from chronic ischemia; this was observed in our prospective study where the two patients without initial response had this condition. A larger cohort of patients would be necessary to confirm or rule out this hypothesis. Close follow-up of patients with GAVE would allow a prompter endoscopic therapy when initial features of endoscopic recurrence are identified before patients develop further anemia or overt gastrointestinal bleeding. Furthermore, patients found to be refractory to endoscopic therapy could be considered for other treatments such as radiofrequency ablation or surgical antrectomy.
We accept that this is a small, retrospective study that has not been designed to directly compare EBL with thermal therapies such as APC in treatment of GAVE. More studies with a larger number of patients should follow to achieve a deeper understanding of this condition and its management.
Conclusion
In summary, this is the first study to evaluate long-term response and recurrence in patients with GAVE after treatment with EBL and predictors of clinical response after initial endoscopic therapy have been identified.
